Numerous descriptive and quantitative studies have shown that the jejunal mucosa in coeliac disease is thickened compared with the normal, with fewer, thicker villi, larger crypts, a diminished ratio between the volume of surface epithelium and crypts, a smaller surface area, a reduced surface/volume ratio, and shorter surface cells (Doniach and Shiner, 1957; 
Jejunal biopsies from 37 controls and 26 untreated coeliac patients were clearly distinguished morphometrically. Sixteen pairs of biopsies from coeliac patients on long-term gluten-free diets before, and 12 weeks after, the reintroduction of dietary gluten significantly reflected the effects of gluten challenge. Comparison of control and abnormal biopsies showed a spatial redistribution of the components, more than a change in their absolute amounts. There was no significant differences in the total epithelial volumes in controls, treated or untreated patients, suggesting that the mucosal lesion in coeliac disease is not a true atrophy.
The appearance of the jejunal mucosa in severe untreated coeliac disease differs greatly from the normal. However, between these two poles lies a range of different merging degrees of abnormality, which are grouped together, at present, as 'partial villous atrophy'. Descriptive qualitative observations do not suffice for accurate assessment and comparison of biopsies from individuals, groups, and treatment centres. Qualitative methods are required.
Numerous descriptive and quantitative studies have shown that the jejunal mucosa in coeliac disease is thickened compared with the normal, with fewer, thicker villi, larger crypts, a diminished ratio between the volume of surface epithelium and crypts, a smaller surface area, a reduced surface/volume ratio, and shorter surface cells (Doniach and Shiner, 1957;  The biopsy appearances improve after the withdrawal of gluten and deteriorate again if gluten is returned to the diet (Anderson, 1960; Meeuwisse, 1970; Pollock, Nagle, Jeejeebhoy, and Coghill, 1970) .
We report the application of a new morphometric technique (Meinhard, 1974) to single and serial jejunal biopsies in children. The microscope image of the biopsy specimen is sketched rapidly upon computer cards to produce calibrated, encoded morphometric data for direct computer analysis. Because the spatial arrangement of the data is preserved as a matrix, a large number of measurements, including all those mentioned above, can be made in the computer.
The Patients
We studied 95 jejunal biopsies from 79 children. Thirty-seven biopsies were taken from children under investigation for short stature or failure to thrive. Since none had investigational evidence of malabsorption, and all biopsies were subjectively E. A. Meinhard, D. G. Wadbrook, and R. A. Risdon normal, these specimens were regarded as controls. Twenty-six biopsies were taken from children with clinically typical coeliac disease before treatment. Thirty-two specimens were paired biopsies from 16 children with suspected coeliac disease, taken before, and some 12 weeks after the reintroduction of dietary gluten, following at least two years of an empirical gluten-free diet.
The age distribution of controls and untreated coeliacs was similar, with a range from 6 months to 14 years. The treated cases were from 4 to 13 years old.
All biopsies were taken perorally under fluoroscopic control, using a Crosby capsule, from a standard site just beyond the ligament of Treitz. The specimens were all similarly processed, and correctly orientated and embedded in paraffin wax under a large hand lens (Risdon and Keeling, 1974 (Risdon and Keeling, 1974 Three diagrams are produced by the computer. These contain in pictorial form all the information used in the numerical procedure. The first diagram (figs 2g, 3g) identifies points in the field as being surface epithelium (V), crypt epithelium (K), or lamina propria (L). The lamina propria is obtained by subtracting surface and crypt epithelium components from the total mucosa matrix and does not have to be directly quantitated.
The second diagram (figs 2h, 3h) shows the results of the computer performing a contour extraction process on the total mucosa matrix. The upper con- The crypt volume rises significantly in untreated coeliac mucosa from control volume of 0-09 MM3/mM2 muscularis mucosae (21 % of total mucosal volume) to 0-17 mm3/mm2 muscularis mucosae (or 39 % of total mucosal volume).
The ratio of surface epithelial volume to crypt volume falls significantly from 1-74 in controls to 0-21 in untreated coeliacs. The volumes of surface-related and crypt-related lamina propria show a pattern of changes similar to their respective epithelial components.
When on a gluten-free diet, the treated coeliac There are numerous significant differences between the results from controls and untreated coeliacs.
Untreated coeliac mucosae are indeed 'flat', for the surface area falls from a control value of 3 13 mm2/mm2 muscularis mucosae to I *13 mm2/mm2 muscularis mucosae (fig 7) . The surface epithelial volume falls (fig 8) from 016 mm3/mm2 muscularis mucosae (or 34% of total mucosal volume) to 0-03 children show few differences from the controls. A return of dietary gluten causes a reversion of the results towards those of the untreated coeliac group (figs 7 and 8). However, the total mucosal volume does not differ between the four groups (fig 9) . The distribution of results is the same and the mean mucosal volume is almost identical in all four groups (comparing controls and untreated coeliacs, Student's t = 1-19, p > 0-2. A paired t test shows no significant difference between the pre-and post-gluten challenge biopsies of the treated coeliacs.) group.bmj.com on October 20, 2017 -Published by http://jcp.bmj.com/ Downloaded from mineralogy and metallurgy (Weibel, 1962; DeHoff and Rhines, 1968) Computer card morphometry is a modification of point counting (Glagolev, 1933) . The collection of data is just as simple, at least as rapid, and more easily checked, compared with current morphometric methods (Freere and Weibel, 1967; Dunnill, 1968) There are many significant differences in the data from controls and from children with untreated coeliac disease. The abnormal biopsies show a fall in surface area ( fig 7) ; a decrease in height and number of the villi; a fall in surface epithelial volume  (fig 8) ; a fall in height of surface cells; an increased crypt volume; and an increase in mucosal thickness compared with controls.
The volume of surface epithelium falls markedly, because not only does the surface area decrease to one third of the control value, but also the surface cell height is reduced. As surface epithelial volume falls and crypt volume rises, the ratio of surface epithelial volume to crypt volume falls dramatically in coeliac disease (Chapman et al, 1973) . There is a similar fall in the volume ratio of villus-related and crypt-related lamina propria. The surface/volume ratio is significantly lower in coeliac disease (Dunnill and Whitehead, 1972) but gives no better separation of groups than surface area alone, because the mean mucosal volume of the different groups does not vary.
Quantitation of serial biopsies in coeliac individuals reflects the effects of gluten challenge (figs 7 and 8), useful diagnostically and for monitoring of progress (Pollock et al, 1970; Meeuwisse, 1970; Anderson, Gracey, and Burke, 1972) . Sixteen children with suspected coeliac disease had been treated empirically by gluten-free diet for at least two years. The morphometric data for these treated gluten-free coeliacs is similar to the controls. This suggests that dietary exclusion of gluten heals the lesion, at least in children (Anderson, 1960; Pollock et al, 1970) .
With the reintroduction of gluten, the various components revert towards the untreated state, demonstrating the deleterious effect of gluten. Fourteen patients had adhered strictly to their glutenfree diet. The two patients who had broken their diet showed low surface area and surface epithelial volume in the first biopsy and little change after gluten challenge.
In both untreated coeliacs and treated coeliacs given a gluten challenge, the marked fall in surface epithelial volume is associated with a rise in crypt volume (fig 10) . This alteration in the distribution of the epithelium is in keeping with the known increase in exfoliation of surface cells, increased mitotic rate, and upward migration of crypt cells and increased enzyme activity within crypts at a site free from gluten damage (Creamer, 1967, Croft, Loehry, and Creamer, 1968; Trier and Browning, 1970; Morson and Dawson, 1972) . The mean lamina propria volume increases only slightly (from 0-20 to 0-23 mm3/mml2 muscularis mucosae) despite the obvious increase in number of inflammatory cells (fig 10) . It is notable that the total mucosal volume does not differ significantly in the four groups studied (figs 9, 10). There is a change in spatial distribution of components, more than a change in their absolute amounts. From this we conclude that there is no true mucosal atrophy in coeliac disease.
